INTRODUCTION
Leafy spurge grows on a wide variety of terrains, from floodplains to riverbanks, grasslands, ridges, and mountain slopes (Hanson and Rudd 1933). It is found primarily in untilled noncropland habitats such as abandoned cropland, pastures, rangeland, woodland, road-sides, and waste areas (Dunn 1979 (Dunn , 1985 Selleck et al. 1962 ). The plant grows in diverse environments from dry to subhumid and from subtropic to subarctic. It occurs on many topographic positions, from the flat bottom of glacial lakes to the slopes of sand dunes and glacial moraines. Herbage production is decreased by as much as 75% when leafy spurge infests pasture and rangeland (Lym and Messersmith 1985; Reilly and Kaufman 1979). Once leafy spurge is introduced into a new area, topography does not seem to limit its spread.
Traditionally, herbicides have been used to control leafy spurge in North Dakota and have been relatively successful following a long-term program. However, Canada thistle [Cirsium arvense (L.) Scop.] is one of the most problematic weeds in the northern Great Plains and has been recognized as a major agronomic weed for some time (Lym and Duncan 2005) . However, the impact of Canada thistle on range and pastureland has only recently been explored. Canada thistle has been identified as a severe management problem in wilderness areas, national parks, and on The Nature Conservancy preserves (Randall 1996) , yet few studies have evaluated the effects on native plant community structure, composition, and function.
Plant communities often contain dominant species that overshadow all other plant species in both mass and biological activity (Whittaker 1965) . However, many of the less abundant species increase diversity and contribute to overall community structure and function. Though the spatial and temporal distribution of native plants can slow invasive species spread, species such as Canada thistle often increase in population size and eliminate less abundant and less competitive native plants.
Federal land management agencies such as the National Park Service (NPS) utilize an integrated pest management program for control of invasive species such as Canada thistle (USDI NPS 1996) . In the past, the NPS used broad-spectrum herbicides such as picloram for control of noxious and invasive weeds despite evidence of injury to nontarget (native) plant species and unknown environmental consequences (USDI NPS 2007) . Picloram use was continued because state noxious weed laws required that Canada thistle be controlled and there were no suitable alternatives.
Aminopyralid is a relatively new auxinic herbicide developed for use in range and pastureland and controls several invasive weeds such as Canada thistle at much lower rates than traditional herbicides (Carrithers et al. 2005) . Aminopyralid has favorable environmental characteristics, which include rapid degradation in soil and water, low mammalian toxicity, and a narrow weed control spectrum (Jachetta et al. 2005) . Aminopyralid should have minimal impact on desirable native and introduced graminoid and forb species; however, aminopyralid effects on native rangeland plant species are relatively unknown.
The objectives of this research were to evaluate aminopyralid efficacy on Canada thistle and resultant effects on plant community structure. The changes in plant species composition in both Canada thistle-infested and Effect of Aminopyralid on Canada Thistle (Cirsium arvense) and the Native Plant Community in a Restored Tallgrass Prairie Travis L. Almquist and Rodney G. Lym* Aminopyralid efficacy on Canada thistle (Cirsium arvense) and potential to injure native species was evaluated in a restored prairie at the Glacial Ridge Preserve managed by The Nature Conservancy in Polk County, MN. Canada thistle stem density was reduced from 17 to 0.1 stems m 22 10 mo after treatment (MAT) with aminopyralid applied in the fall at 120 g ha 21 . Aminopyralid also altered the composition of both Canada thistle-infested and native plant communities. Aminopyralid controlled Canada thistle and removed or reduced several undesirable forb species from the restored prairie communities, such as absinth wormwood (Artemisia absinthium) and perennial sowthistle (Sonchus arvensis). A number of high seral forbs were also reduced or removed by aminopyralid, including maximilian sunflower (Helianthus maximiliani) and purple prairie clover (Dalea purpurea). Foliar cover of high seral forbs in the native plant community was reduced from 12.2 to 7% 22 MAT. The cover of high seral grass species, such as big bluestem (Andropogon gerardii) and Indiangrass (Sorghastrum nutans) increased after aminopyralid application in both the Canada thistle-infested and native plant communities and averaged 41.4% cover compared with only 19.4% before removal of Canada thistle. Species richness, evenness, and diversity were reduced after aminopyralid application in both Canada thistle-infested and native plant communities. However, the benefits of Canada thistle control, removal of undesirable species, and the increase in native grass cover should lead to an overall improvement in the long-term stability and composition of the restored prairie plant community, which likely outweigh the short-term effects of a Canada thistle control program. Nomenclature: Aminopyralid; absinth wormwood, Artemisia absinthium L.; Canada thistle, Cirsium arvense (L.) Scop.; perennial sowthistle, Sonchus arvensis L.; big bluestem, Andropogon gerardii Vitman; Indiangrass, Sorghastrum nutans (L.) Nash; maximilian sunflower, Helianthus maximiliani Schrad.; purple prairie clover, Dalea purpurea Vent. Key words: Herbicide, invasive species, nontarget species, desirable species injury.
North American tallgrass prairies are located in regions with a moderately dry continental climate and seasonal precipitation (Gurevitch et al. 2006) . Tallgrass prairies are very diverse ecosystems that evolved with periodic disturbances, such as fire and grazing pressure, and are dominated by grass species that include big bluestem (Andropogon gerardii Vitman), Indiangrass [Sorghastrum nutans (L.) Nash], and switchgrass (Panicum virgatum L.). These species are more common on the eastern edge of the Great Plains, where total precipitation is greater than in the western plains ( Joern and Keeler 1995a).
Native prairies in the Northern Plains region are at risk of losing ecosystem stability (collapse) because of fragmentation, human-related disturbance, and nonnative species invasions, which can change the community and ecosystem composition (Joern and Keeler 1995b) . Currently, , 1% of the original tallgrass prairie ecosystem in North Dakota and Minnesota is left in native or restored condition (Sampson and Knopf 1994) . Most of the original tallgrass prairie was converted to cropland during the 19th and 20th centuries (Gurevitch et al. 2006) . Fire suppression and removal of native nomadic grazers has increased invasion from woody plants, and the native and restored prairie that remains is threatened by continued human disturbance.
Invasion by noxious weeds has become a major threat to the conservation of biodiversity and ecosystem sustainability in remnant and restored prairies (Gurevitch et al. 2006) . Newly restored prairies are especially vulnerable to invasion by plants such as Canada thistle (Cirsium arvense L.) because there is not a well established plant community Resumen ''Leafy spurge'' ha invadido el hábitat del ''Western prairie fringed orchid,'' una especie federalmente enlistada como amenazada. El Imazapic([6]-2-[4,5-dihidro-4-metil-4-f1-metiletilg-5-oxo-1H-imidazol-2-yl]-5-metil-3-ácido piridinecarboxilico) y quinclorac (3,7-dicloroquinolino-8-ácido carboxilico) son herbicidas relativamente nuevos que controlan el ''Leafy spurge'' y pueden ser usados en las á reas mésicas donde la ''Western prairie fringed orchid'' es encontrada. Se inicio una investigació n para evaluar los efectos del imazapic y quinclorac en la sobrevivencia y fecundidad del ''Western prairie fringed orchid.'' Los herbicidas se aplicaron a mediados de Septiembre en las dosis comú nmente usadas y las má ximas especificadas en las etiquetas. Esta época de aplicació n es la ó ptima para el control de ''Leafy spurge'' con quinclorac e imazapic y la orquídea generalmente ya esta senescente, haciendo que el dañ o para ella sea menos probable. El quinclorac aplicado en 840 y 1 120 g ha À1 no afectó el rebrote o la fecundidad del ''Western prairie fringed orchid,'' 1 o 2 añ os después de la aplicació n. Las orquídeas tratadas con quinclorac en dosis de 840 o 1 120 g ha À1 generalmente fueron tan altas, tuvieron racimos tan largos, y produjeron tantas flores y cá psulas de semillas como las orquídeas sin tratar. En contraste, las orquídeas tratadas con imazapic en dosis de 140 o 210 g ha À1 tendieron a rebrotar como plantas vegetativas, fueron mas cortas, tuvieron racimos má s cortos y produjeron menos flores y cá psulas de semillas que las orquídeas sin tratar. Las orquídeas tratadas con imazapic promediaron 21 cm de altura y produjeron en promedio una flor por planta 10 meses después de aplicado el tratamiento, mientras que las orquídeas sin tratar y las tratadas con quinclorac tuvieron de aproximadamente 36 cm de altura y produjeron 5 flores por planta. El quinclorac puede ser una herramienta valiosa para controlar el ''Leafy spurge'' en el há bitat del ''Western prairie fringed orchid'' porque las orquídeas tratadas con este producto rebrotaron tan vigorosamente y fueron fecundadas como las orquídeas sin tratar. Sin embargo, las especificaciones actuales de uso del quinclorac prohíben el apacentamiento o elaboració n de heno por 309 días después de la aplicació n.
The western prairie fringed orchid (Platanthera praeclara Sheviak and Bowles) is a native perennial plant of the tallgrass prairie and was once found in large numbers and distributed throughout areas west of the Mississippi River (Sheviak and Bowles 1986). The ideal habitat of the western prairie fringed orchid has subirrigated soils, and the plant is most often found The rate of introduction and spread of invasive plants has increased dramatically over the past 150 years with increases in human activities, trade, and commerce.
INSIDE
Weeds such as the knapweeds, starthistle, leafy spurge, and thistles infest millions of acres, primarily in the western United States (Table 1) .
Invasive plants can have a significant impact on humans and the environment. Their negative impacts may be associated with livestock production, native plant and animal communities, ecosystem processes (e.g. hydrologic cycles and fire regimes), land values, and human health.
• Invasive non-native plants can alter structure, organization, and function of native plant communities and are a threat to biodiversity. Changes in plant composition also impact wildlife by eliminating food sources or modifying critical habitats.
• Invasive plants can also impact soil and water resources. Tap rooted species such as the knapweeds increase surface runoff and sediment yield compared to grass-dominated sites, impacting water quality and lowering the production potential of the land. Yellow starthistle depletes soil moisture reserves and alters the water cycle by utilizing moisture reserves earlier than associated native plants. Riparian plants such as saltcedar impact hydrologic cycles by increasing sediment deposition thus restricting stream channels and increasing severity of subsequent floods.
• Invasive Plants -Impacts on Rangeland and Natural Areas 1 R angeland, pastureland, national parks, and other natural areas account for about 48% of the total land area in the united states. these lands are critical for livestock production, wildlife habitat, and protecting the integrity of ecological systems. More than 3,300 non-native plant species occur within natural areas in the 48 contiguous united states, and 60 of those are considered to have significant economic or ecological impacts.
• Identify the goal(s) you want to achieve (e.g. enhance forage quantity and quality, restore native vegetation, improve wildlife habitat).
• Identify desired management outcomes that can be measured with long-term monitoring. For example, a desired outcome of "reduce spotted knapweed density by 95% over 5 years" can be measured.
• Identify and accurately delineate lands infested with invasive plants. Knowing the location and extent of infestation can determine the control/management method used, assist in prioritizing management strategies, and identify areas where eradication, containment or control can be achieved.
• Gain a thorough understanding of the biology and ecology of the invasive weed(s) you are managing including susceptible habitat, spread vectors, etc.
• Identify management constraints (environmental, financial, technological, social, and operational).
• Review effectiveness of each management method on the target plant including mechanical, cultural, biological, and herbicide methods and integrate management techniques that will optimize control.
• Prioritize sites where treatments will most effectively contain and control the infestation.
• Coordinate effort among interested parties.
• Be flexible: Use long-term monitoring and evaluation to identify strengths and weaknesses in your strategies and methods. Adapt management approaches to improve effectiveness and prevent reinvading populations from becoming established.
• Establish an annual follow-up treatment program to prevent re-infestation (e.g., spot treatments, modifying livestock grazing, burning, etc.)
• Plan for a long-term commitment to your management program. Many invasive plants have seed that remains viable in the soil for eight years or more, so long-term monitoring and follow-up management will be necessary for successful control.
section 2
Integrated Invasive Plant Management and the Role of Herbicides 1
A successful long-term management program should be designed to include combinations of prevention and cultural, biological, mechanical, and herbicide management methods. This is particularly true in restoration programs where seedling establishment is dependent upon suppression of competitive species.
Developing and Implementing an Integrated Invasive Plant Management Strategy
The goal of any management plan should not be to just manage the invasive plant but to improve the desirable plant community and prevent reinvasion or invasion by other undesirable plants. Containing existing populations, restoring natural areas severely degraded by invasive plants, and preventing the establishment of invasive plants in non-infested lands is critical for maintaining the ecological health and economic integrity of rangeland and natural areas. This can be achieved by identifying management options that will promote a healthy, weed-resistant plant community that consists of diverse groups of species that occupy most of the niches.
Following are some guidelines and considerations for developing an invasive plant management strategy:
T 
Capstone herbicide

ACTIVE INGREDIENTS
Capstone is a 1.1 lb ae/gallon product that contains 0.1 lb ae (1.6 oz ae) aminopyralid + 1 lb ae triclopyr amine.
USE RATE RANGE
4 to 9 pints of product per acre. Spot treatments may be made up to 18 pints per acre per annual growing season; however, not more than 50% of an acre may be treated.
ATTRIBUTES
Capstone combines residual broad spectrum control of problem weeds, including noxious and invasive broadleaf weeds and sensitive woody plants, and is safe to use on most desirable grasses. Capstone is approved for use on rangeland, permanent grass pastures (including grasses grown for hay), forests, Conservation Reserve Program (CRP) acres, non-cropland areas (such as roadsides and utility rights-of-way), non-irrigation ditch banks, seasonally dry wetlands, natural areas, and other sites as described on the label. There are no grazing restrictions for any class of livestock including lactating animals. Capstone is the workhorse for any weed and brush control program where the control of both broadleaf weeds and woody plants are desired. The herbicide is the ideal product for cut surface treatments to woody plants. This amine formulation is essentially non-volatile and features a Caution signal word.
Opensight herbicide
ACTIVE INGREDIENTS
Opensight is a dry formulation that contains both aminopyralid and metsulfuron methyl.
MODE OF ACTION
This product contains two modes of action -growth regulator and ALS inhibitor -which broadens the spectrum of weed and brush control and may reduce the development of weed resistant populations.
USE RATE RANGE 1.5 to 3.3 ounces of product per acre. Spot treatments may be made up to 6.6 oz/ac per annual growing season. The dry formulation requires the addition of a surfactant (NIS, MSO, COC) for effective control.
ATTRIBUTES
Opensight herbicide provides excellent post-emergent and residual control of over 160 broadleaf weeds and woody plants including many difficult to control invasive or noxious weeds such as wild parsnip, poison hemlock, houndstongue, hoary cress, and tansy ragwort. Opensight is a broad spectrum herbicide and does not have selectivity to many desirable forbs and shrubs while most native grasses are tolerant. The herbicide is approved for use on rangeland, permanent grass pasture, natural areas, Conservation Reserve Program (CRP) acres, non-cropland areas (such as roadsides and utility rights-of-way), non-irrigation ditch banks, seasonally dry wetlands, natural areas, and other areas as described on the label. There are no grazing restrictions for any class of livestock including lactating animals.
HERBICIDES CONTAINING
AminopyrAlid
Garlon® 3A herbicide
ACTIVE INGREDIENT
One gallon of Garlon 3A contains 3lb ae of triclopyr formulated in water as a water-soluble amine (triethylamine salt). 
USE RATE RANGE
Vista® XRT
ACTIVE INGREDIENT
One gallon of Vista XRT contains 2.8 lb ae of fluroxypyr formulated with a nonpetroleum-based solvent derived from naturally occurring seed oil.
USE RATE RANGE
Maximum application of 22 fluid ounces product per acre per year.
ATTRIBUTES
Provides excellent post emergence control of kochia (including ALS and dicamba-resistant biotypes), lespedeza, prickly pear, and other hard-to-control broadleaf weeds and brush on rangeland and pasture, rights-of-way (roadsides, electric utility, pipelines, railroads and more), industrial sites, non-irrigation ditch banks, conifer and tree plantations, and grazed areas in and around these sites. The herbicide is rain-fast one hour after application. Vista XRT is selective to broadleaf plants, will not harm grasses, and is not soil-active so may be applied under the canopy of desirable trees. This herbicide is not harmful to seedling grasses and can be used to control kochia in grass restorations.
Tordon® 22K herbicide ACTIVE INGREDIENT:
One gallon of Tordon 22K contains 2 lb ae of picloram.
USE RATE RANGE:
1 to 2 pints of product per acre for broadleaf weeds. ["toleranCe" continued on page 12] Table 3 : Tolerance rankings of forb species to Milestone® herbicide applied at either 5 or 7 fluid ounces per acre in summer and/ or fall. Rankings are shown for 1 and 2 years after treatment (YAT). Forbs are listed alphabetically by common name within plant family (see Table 1 for location descriptions and Table 2 
RESULTS SUMMARY
• Most native forb species were moderately tolerant to tolerant, or recovered following treatment with Milestone® herbicide.
• Land managers can use these data as a guideline to evaluate risk and benefits to native plant communities when using Milestone for invasive species management.
• Milestone herbicide can be used to manage invasive plants in mixed plant communities and can serve as a catalyst to manage invasive plants and facilitate recovery of desirable forbs.
section 6
Milestone® Herbicide Guidelines for Use Around Woody Plants T he following information provides guidelines for Milestone herbicide application around woody plants. In general, Transline® is the most selective herbicide to use for invasive plant control on sites where tree and shrub selectivity is important.
Can I use Milestone® herbicide for weed control under trees?
Aminopyralid, the active ingredient in Milestone herbicide, has limited activity on woody species, including trees, when applied to the soil under the canopy. While it would be unlikely for broadcast applications of labeled rates to actually kill a mature tree (except legume species), there could be some leaf curling/cupping or other damage typical of growth regulator herbicides. Therefore, Milestone should NOT be used over the top of desirable trees. Milestone can be used ONLY as a directed spray under the canopy, or within the dripline, of certain trees; but not under desirable legume trees/shrubs. 
CAUTION:
Liriodendron tulipifera
Caution is suggested for use of Milestone® herbicide around these species:
Applications may be made to weeds and soil outside of the dripline, with wider margins of avoidance suggested on downward facing slopes immediately above sensitive trees. Be sure not to treat low hanging foliage and exposed roots. Can Milestone® be applied for invasive weed control with grasses planted after treatment?
Milestone can be applied in the spring through fall to control broadleaf weeds prior to grass planting. Grasses can be seeded as a dormant planting (in the late fall or early winter) in the year of application or grasses can be seeded the following spring. Grasses should be planted when soil temperatures are low enough to ensure that the seeds do not germinate and emerge for at least 60 days after application to allow for some Milestone® degradation.
When can Milestone be applied post-emergence over newly seeded perennial grass stands to minimize injury?
Over 33 species of warm-and cool-season grasses have been tested for tolerance to Milestone herbicide. Established grass stands have excellent tolerance at the maximum use rates. On newly seeded grass plantings, applications of Milestone should be made after seeded grasses have an established secondary root system (tillering and adventitious root development). A secondary root system is usually sufficiently developed by 45 to 60 days after emergence, depending on growing conditions. Most perennial grasses show improved tolerance to post emergence applications at this stage.
Increased injury to grass seedlings may result when Milestone is applied in tank mixes with other herbicides such as 2,4-D. Consult all labels for products used for guidance on recently seeded grass stands.
How long after treatments with Milestone® do I need to wait before planting forbs? IN SUMMER RAINFALL AREAS:
Milestone can be applied in the summer to control broadleaf weeds prior to forb planting. Forbs can be seeded 90 days after application as a dormant fall planting insuring that the seeds will not germinate and emerge until the following spring. Forbs can also be planted the following spring after an application the previous July.
IN AREAS WITH NO TO VERY LITTLE SUMMER RAINFALL (Mediterranean climate)
, forbs can be planted one year after a Milestone treatment.
What are the guidelines for planting in CRP?
MILESTONE LABEL STATEMENT FOR CROP ROTATION
• Do not rotate to any crop from rangeland, permanent pasture or CRP acres within one year following treatment.
• Cereals and corn can be planted one year after treatment.
• Most broadleaf crops are more sensitive and can require at least two years between treatment and planting, depending on the crop and environmental conditions.
• Do not plant a broadleaf crop until an adequately sensitive field bioassay shows that the level of aminopyralid present in the soil will not adversely affect that broadleaf crop.
ROTATION OUT OF CRP
• Wheat: When Milestone is sprayed in May or June one year, do not plant winter wheat that fall. Spring wheat may be planted the following spring and winter wheat the following fall. With fall applications of Milestone®, do not plant spring wheat the following spring but winter wheat may be planted the next fall.
• Corn can be planted the year following a spring/summer treatment.
• Canola may be planted two years after treatment
• Alfalfa may be planted three years after treatment or earlier after a positive bioassay.
• Soybeans are more sensitive than alfalfa or canola and should not be planted for at least three years and not before a soil bioassay is completed.
• For other sensitive crops such as potatoes, lentils and peas, a soil bioassay should be conducted before planting (see label for directions). Depending on environmental conditions, three years after treatment may be adequate for most crops.
section 7
Grasses, Revegetation, and Conservation Reserve Program (CRP) Guidelines Sprayer Calibration: Six Simple Steps
The following step-by-step method of calibrating a backpack or hand-gun sprayer involves very little math or formulas. It is based on the following principal:
One gallon = 128 fluid ounces and your calibration area to be sprayed is 1/128 of an acre, thus fluid ounces collected = gallons per acre.
1.
Clean sprayer and nozzle thoroughly. Then, fill the spray tank with clean water. Spray with water only to check to see that the nozzle forms a uniform spray pattern. If the pattern is uneven, check to make sure the nozzle is clean and replace it if needed. Adjustable nozzles should be set and marked to permit repeated use of the selected spray pattern. If necessary, add a marker dye to the water to more easily see your spray pattern.
2.
Measure an area 18.5 feet by 18.5 feet, which is equal to 1/128th of an acre. If possible, this should be done in the field on which you will be spraying.
3.
Time the number of seconds it takes to spray the measured area uniformly with water using gentle sideto-side sweeping motion with the spray wand similar to spray painting a home or automobile. Record the number of seconds required to spray the area. During application be sure to maintain a constant sprayer pressure and cover the entire area uniformly one time.
You should repeat step 3 at least twice and use the average of the two times.
4.
Spray into a container for the average time calculated in step 3. Be sure to maintain constant sprayer pressure while you spray into the container.
5.
Measure the number of fluid ounces of water in the bucket. The number of fluid ounces collected from the bucket is equal to the number of gallons of water per acre the sprayer is delivering. Volume sprayed in fluid ounces = gallons of water per acre (GPA).
6.
Add the proper amount of herbicide to the tank. For backpack sprayers, use Table 1 to determine how much liquid herbicide to add to each gallon of water. For large sprayer, use Table 2 to determine the amount of liquid herbicide to add to your spray tank.
Find your spray volume in gallons per acre (GPA -calculated above) and read across the tables (next page) to determine the amount of herbicide to add to each gallon of water based on the recommended herbicide application rate. section 8
Herbicide Sprayer Calibration Guidelines
How do I make the most of my herbicide spot treatments?
Accurate timing, careful measurements of herbicide and uniform spray motions are essential to proper, economical application. Consistent spray motions can help obtain good coverage of troublesome weeds. Soaking scattered weeds rather than using regular spray motions may result in excessive rates that could injure desirable species.
How much herbicide do I put in my tank?
The mix amount is dependent on your spray volume and your application rate. Therefore, this question cannot be answered until we know the volume that is being applied with your particular spraying style in gallons per acre (GPA). The following step-bystep procedure will allow you to calibrate your spray volume (see answer at end).
Photo by Dave Martin
Tip
Use a syringe to measure herbicide if you are applying a low-rate product like Milestone (e.g., 5 to 7 fl oz/ac).
Calibrating equipment with boomless nozzles (e.g., boom-buster or boom-i-nator) with a refill method
The refill method of calibration is simple and easy to understand. This should always be done in the field on terrain similar to where you plan to make the herbicide application. Field surface conditions can greatly affect sprayer speed, which in turn affects application rate. Basic steps for the refill method are as follows.
1.
Park the sprayer on level ground, then fill the spray tank with water to an easily determined point (mark this on the tank).
2.
Adjust the pressure to recommended level. Most nozzles work best between 30 and 35 psi (pounds per square inch).
3.
Select a speed that can be easily maintained for field conditions. Field conditions will have a large effect on speed, which affects application rate. For example a sprayer calibrated at 4 mph but driven at 3 mph will over-apply by 33% potentially damaging non-target vegetation!
4.
Spray a measured area (spray swath width and length). Measure a length to spray--such as 200 feet--and drive that length at a speed that negotiates terrain and minimizes drift. Measure the spray swath width during this step.
5.
Return to the filling point. Be sure to park equipment in the same location to refill the tank.
6.
Measure the amount of water required to refill the tank. Use a calibrated pail so you can accurately measure water required to fill the sprayer to the original mark.
7.
Calculate the spray rate. The final step is to determine the spray rate; in this case it will be in gallons per acre (GPA).
8.
Add the proper amount of herbicide to the tank. Example: Your spray tank holds 30 gallons total. If you want to apply one pint of herbicide per acre, and your spray rate is 15 gallons per acre (as calculated in
Step 7), then you would add two pints of herbicide to the tank. The best way to mix is to add half of the amount of water to the tank, then add the herbicide, then fill the sprayer with water to the 30-gallon mark. 
What is the runoff potential of Milestone herbicide?
Milestone has a low risk of runoff in surface water compared to the current market standards. The runoff impact of Milestone® is mitigated by low use rate and rapid photolysis in water.
What is the ecotoxicology profile of Milestone herbicide?
Milestone exhibits low acute and chronic toxicity to mammals, birds, fish, aquatic and terrestrial invertebrates, algae and aquatic vascular plants in laboratory studies.
Risk of adverse effects is substantially below all of the EPA levels of concern (LOC) for non-target organisms.
Milestone produces no significant soil or water metabolites other than CO 2 and NH 3 and has a low bioaccumulation potential.
In EPA's assessment under the Reduced Risk Pesticide Initiative, Milestone was found to have reduced acute and chronic toxicity to mammals, birds, algae and aquatic vascular plants compared to market standards.
What is the rainfast period?
Foliar absorption of Milestone® applied post emergence is relatively rapid. Milestone herbicide appears to be rainfast within two hours after application when applied at recommended label rates.
How close to water can I spray?
Milestone can be used to the waters edge but do not apply directly to water or to areas where surface water is present or to intertidal areas below the mean high water mark. Take precautions to avoid spray drift onto water. Do not spray on inner banks of ditches or canals used to transport irrigation water.
It is permissible to treat non-irrigation ditch banks, seasonally dry wetlands (such as flood plains, deltas, marshes, swamps, or bogs) and transitional areas between upland and lowland sites.
Can Milestone herbicide be used in riparian areas?
Yes, under the following guidelines:
• The label does not allow applications directly to water (ponds, lakes, rivers, streams and irrigation canals).
• Avoid applications that may result in movement of Milestone into water used to irrigate crops.
• The non-target plant community should be considered (see forb and shrub tolerance section, page 11).
How long does Milestone® herbicide persist in the soil?
While Milestone herbicide will provide season-long residual control of emerging broadleaf weeds, this herbicide has a moderate field soil half-life.
Half-lives in U.S. and Canadian field studies have averaged approximately 34.5 days. Ninety percent of Milestone applied at a rate of 7 fl oz/acre dissipated within 90 days.
In a large majority of studies, the herbicide has remained in the top six to 12 inches of the soil profile.
What effect does pH have on degradation of Milestone?
Due to the low pKa (ionization constant) of the active ingredient, pH will have no impact on Milestone degradation in any matrix.
Can Milestone® herbicide be applied with spot treatments?
Yes, spot treatments may be made at an equivalent broadcast rate of up to 0.22 lb active ingredient (14 fl oz of Milestone) per acre per annual growing season; however, not more than 50% of an acre may be treated.
Do not apply more than a total of 0.1 lb active ingredient per acre (7 fl oz per acre of Milestone) per annual growing season.
(See spot treatment calibration guidelines on page 15.)
What about surfactants?
The addition of a high quality nonionic surfactant (of at least 80% active ingredient) at 0.25 to 0.5% volume per volume (1 to 2 quarts per 100 gallons of spray) is recommended to enhance herbicide activity under adverse environmental conditions (such as high temperature, low relative humidity, drought conditions, dusty plant surfaces), when weeds are heavily pubescent, or with more mature plants.
How long will Milestone herbicide remain active in the spray tank solution?
Milestone herbicide is not degraded by the hydrolysis process like sulfonylurea herbicides. Milestone® will break down in water when exposed to ultra-violet (UV) light from the sun. Provided the spray 
Will Milestone herbicide harm grasses?
Research was conducted on over 33 different grass species and both warm and cool season grasses show excellent tolerance to Milestone herbicide. In fact, grass production increases significantly after weeds are removed.
Are there grazing or haying restrictions?
Milestone passes through an animal's digestive system unchanged and is excreted in urine and manure. This occurs relatively rapidly, within about three days.
There are no restrictions on grazing (any livestock including lactating dairy and horses) or hay harvest following application of Milestone® at labeled rates 1 .
Cutting hay too soon after spraying weeds will reduce weed control. Wait 14 days after herbicide application to cut grass hay to allow herbicide to work.
Milestone does not break down in plants. Therefore, hay from areas treated with Milestone may contain residues. Inform the recipient of hay or manure from animals grazing pastures or feeding on hay from areas treated with Milestone of the label use precautions and restrictions.
Hay from grass treated with Milestone within the preceding 18-months can only be used on the farm or ranch where the product is applied unless allowed by supplemental labeling.
Do not transfer livestock from treated grazing areas to sensitive broadleaf crop areas without first allowing three days of grazing in an untreated pasture. Otherwise, urine and manure may contain enough Milestone® to cause injury to sensitive broadleaf plants.
Refer to Milestone label for additional instructions.
1 restrictions do apply to the transfer of grazing animals to sites intended to grow sensitive crops. refer to the label for a complete list of transfer restrictions.
V01-879-011 (09/13) 010-50904 For more information, visit www.MilestoneHerbicide.com ®trademark of the dow Chemical Company ("dow") or an affiliated company of dow Always read and follow label directions. Milestone has no grazing or haying restrictions for any class of livestock, including lactating dairy cows, horses (including lactating mares) and meat animals prior to slaughter. However, label precautions do apply to forage treated with Milestone and to manure from animals that have consumed treated forage within the last three days. Consult the label for full details. some states require an individual be licensed if involved in the recommendation, handling or application of any pesticide. Consult your local extension office for information regarding licensing requirements. Milestone is not registered for sale or use in all states. Contact your state pesticide regulatory agency to determine if a product is registered for sale or use in your state. Capstone and Opensight specialty herbicides: When treating areas in and around roadside or utility rights-of-way that are or will be grazed, hayed or planted to forage, important label precautions apply regarding harvesting hay from treated sites, using manure from animals grazing on treated areas or rotating the treated area to sensitive crops. see the product label for details. state restrictions on the sale and use of Captsone, Garlon 4 Ultra, Opensight, Transline, and Vista XRT apply. Consult the label before purchase or use for full details. Tordon 22K is a federally restricted use Pesticide.
